AA′ ( ) = 2 + • 1 + 3 − • 1 , BC ( ) = 1 + • 1 + 1 − • 1 , AB ( , ) = 2 (1 + ) + • 2 + 3 (1 − ) − • 3 , AC ( , ) = 1 (1 + ) + • 3 + 4 (1 − ) − • 2 , A′B ( , ) = 2 (1 + ) − • 2 + 3 (1 − ) + • 3 , A ′ C ( , ) = 1 (1 + ) − • 3 + 4 (1 − ) + • 2 .(2)
The above matrix is basically the conventional tight-binding model for α-(BEDT-TTF)2I3
except spin dependent terms representing SOI [1, 11] . = ( , ) is a 2D wave vector, takes the value of ±1 depending on the asymmetry of both sides of its hopping path.
In actual α-(BEDT-TTF)2I3, it was experimentally clarified that the electron density on each molecule is not uniform (charge disproportionation) [13] . The molecular charge on each molecule follows B > A = A′ > C, as shown by the size of clouds in Fig.   1 (a). In the above model, the SOI sign was determined considering ( ) due to the charge disproportionation, although the difference of molecular charge is too small to cause observable SOI.
The above model gives the band dispersion with a finite energy gap between the third (valence) and fourth (conduction) bands as shown in Fig. 1(b) . In below, we see that this insulating state is a topological insulator. The lattice structure of α-(BEDT-TTF)2I3
has space inversion symmetry with an inversion center at the midpoint of A and A' molecules. In each band, up-spin ( = +1) and down-spin ( = −1) subbands are degenerated under the inversion symmetry. Fu and Kane proposed a simple method to 5 judge whether an insulator with inversion symmetry is a topological insulator or not [14] .
In the 2D Brillouin zone of α-(BEDT-TTF)2I3, there exist four time-reversal invariant wave numbers (TRIMs), which satisfy − TRIM = TRIM + with a reciprocal lattice vector , TRIM = (0, 0), ( / , 0), (0, / ), and ( / , / ), which are referred as Γ, X, Y, and M, respectively, in Fig. 1(b) . Here, let us focus on parity ( TRIM ), which is the eigenvalue (+1 or −1) of the space inversion operator, at TRIM for the -th spin-degenerated band. According to Fu and Kane, the condition for a topological insulator with inversion symmetry is that the product of ( TRIM ) for all TRIM and all of occupied bands is equal to −1. In Fig. 1(b) , ( TRIM ) are indicated by the symbols, "+" or "−", corresponding to ( TRIM ) = +1 or −1, respectively. Since the parity product for three occupied bands below the Fermi level is equal to −1, we can
conclude that the present model describes a non-trivial topological insulator.
At the zero SOI limit ( → 0), the present model represents a gapless Dirac semimetal with a pair of Dirac cones. Piechon and Suzumura discussed that the Dirac semimetal state in α-(BEDT-TTF)2I3 is stable as long as the Fu-Kane parity condition is satisfied [15] . This means that α-(BEDT-TTF)2I3 with SOI gap is a topological insulator, as long as SOI does not cause any band inversion accompanied by parity change.
In fact, the present model gives the Berry curvature indicating to be a topological insulator. Since ( ) is decoupled into two spin sectors, ( , +1) and ( , −1), we can calculate Berry curvature separately for each spin-subband [11] . field. This causes no charge current but finite spin current in the direction perpendicular to the electric field, namely, the spin Hall effect. Moreover, according to the TKNN theory [16, 17] , the contribution of the all occupied up-spin or down-spin subbands to the off-diagonal conductivity is quantized to − spin 2 /ℎ, where spin is an integer called the spin-Chern number. Therefore, the system shows the quantum spin Hall effect.
Next, we investigate the edge state of a 2D nanoribbon of α-(BEDT-TTF)2I3
parallel to the -axis, which has two types of edges, the AA'-edge and BC-edge [11, 18] .
The calculated ky-dispersion of the energy spectrum is shown in Fig. 2 In conclusion, we have constructed a model for an organic Dirac fermion system with finite SOI, which opens a gap at the Dirac point. We have shown that it is a topological insulator state with the helical edge state, as long as SOI does not cause any band inversion. Therefore, if SOI opens a significant gap causing resistance increase observed at low temperature in α-(BEDT-TTF)2I3, the resistance increase must be limited by the helical edge transport. Conversely, if the resistance increase shows no saturation at low temperature limit, we can conclude that SOI is not necessarily significant in 
